Measles (rubeola) continues to be endemic and epidemic in many regions of the world. Measles is primarily a disease of childhood, but it can also affect adult populations, and therefore it is important that both adult and pediatric hospitalist physicians be able to recognize it. Although the disease is rarely encountered in the United States, measles infection can spread rapidly across vulnerable populations. In addition, infected adults can develop complications that may require hospitalization for treatment. This review summarizes the typical clinical course and complications of measles infection, along with recommendations for diagnosis and management for both adult and pediatric hospitalists. Measles is a highly contagious acute respiratory illness that includes a characteristic rash. After exposure, up to 90% of susceptible persons develop measles. 1 Even though it is considered a childhood illness, measles can affect people of all age groups. Measles continues to be major health problem around the world, despite the availability of a safe and effective vaccine, and it remains one of the leading causes of childhood mortality, with nearly 115,000 deaths reported by the World Health Organization 2 in 2014. In 2000, measles was declared eliminated from the United States, but outbreaks still occasionally occur. [3] [4] [5] [6] The disease is self-limited, but some patients develop complications that may require hospitalization for treatment. People at highest risk for complications are children younger than 5 years, adults older than 20 years, pregnant women, and immunocompromised individuals. 7 HISTORY AND EPIDEMIOLOGY During the licensure of live measles vaccine in 1963, an average of 549,000 measles cases and 495 measles deaths, as well as 48,000 hospitalizations and 4000 encephalitis cases, were reported annually in the United States. Almost all Americans were affected by measles by adolescence.
Implementation of the 1-dose vaccine program substantially reduced reported incidence in the United States by 1988, and led to a dramatic decline in measles-related hospitalizations and deaths. [3] [4] [5] [6] The 2-dose MMR (measles, mumps, rubella) vaccination was introduced in 1989, and measles was declared eliminated in the United States in 2000. [3] [4] [5] [6] National-level one-dose MMR coverage among children 19-35 months has remained above 90% during the last two decades. 8 NIS-Teen vaccination coverage data for 13-to 17-year-olds since 2008 has been near or above 90%, 9 and 94% of children enrolled in kindergarten had evidence of 2 MMR doses in the 2014-2015 school year. 10 A large multistate measles outbreak was reported in the United States in 2014-2015. 4, 11 One hundred fifty-nine cases were reported in the United States between January 4 and April 5, 2015. The majority of patients either were unvaccinated (45%) or had an unknown vaccination status (38%). Age ranged from 6 weeks to 70 years, and 22 patients (14%) were hospitalized. 4 
CLINICAL PRESENTATION AND PATHOPHYSIOLOGY
Measles is caused by an RNA-containing paramyxovirus that is spread by the respiratory route. Average incubation period from exposure to rash onset is 14 days (range, 7-21 days). 12, 13 Peak infectivity occurs during the prodromal phase, before rash onset (Figure 1 ), but patients are infectious from 4 days before rash onset through 4 days after rash onset. 7, 12, 13 The disease prodrome consists of a high fever (39°C-40.5°C), coryza, cough, and conjunctivitis followed by Koplik spots (Figure 2A ). Koplik spots are pathognomonic for measles but rarely discovered. They appear before the skin rash alongside second molars on the buccal surface of the cheeks. The spots usually disappear when the characteristic maculopapular, nonpruritic rash erupts initially at the hairline and behind the ears, and within four days progresses toward the trunk and limbs, including the palms and soles ( Figures 2B, 2C) .
The patient remains febrile while the rash spreads. 12, 13 Usually the fever resolves while the rash fades in the same order in which it appeared. Fever that persists for more than 5 days usually indicates complications. 13 Cellular immunity plays an important role in host defense; the virus invades T lymphocytes and triggers suppressive cytokine (interleukin 4) production. Leukopenia, expansion of mainly measles-specific T and B lymphocytes, and replacement of lymphocyte memory cell population results in further depression of cellular immunity, and predisposes patients to secondary bacterial infections for up to 2 years after measles infection. 14, 15 Patients immunocompromised by congenital cellular immunity deficiency, cancer, human immunodeficiency virus (HIV) infection without effective antiretroviral therapy, or immunosuppression treatment are at higher risk for developing severe complications or dying from measles. As the rash may fail to develop in these patients, diagnosis can be challenging. 16 Modified measles is milder and may occur in patients with preexisting partial immunity: those with an immunization history (2-dose vaccine effectiveness is ∼97%), and infants with minimal immunity from their mothers. 1, 7 Patients may have mild respiratory symptoms with rash but little or no fever. 7 Atypical measles is now extremely rare. It was described only among people who were vaccinated with the killed vaccine in the United States between 1963 and 1968 and subsequently exposed to measles. The disease is characterized by high fever, edema of extremities, and a rash that develops on the palms and soles and spreads centerward. It is considered noncommunicable. 17 Measles infection during pregnancy is associated with increased maternal and fetal morbidity. The virus can induce neonatal low birth weight, spontaneous abortion, intrauterine fetal death, and maternal death. Pregnant women with measles are more likely to be hospitalized. 18, 19 DIFFERENTIAL DIAGNOSIS The presenting symptoms of primary measles infection are nonspecific, particularly if Koplik spots are not identified. The differential diagnosis for a patient who presents with high fever and rash include Kawasaki disease, dengue, parvovirus B19, serum sickness, syphilis, systemic lupus erythematous, toxic shock syndrome, enterovirus infection, human herpes virus 6 (roseola), viral hemorrhagic fever, drug eruption, infectious mononucleosis, Rocky Mountain spotted fever, rubella, scarlet fever, chikungunya, and Zika virus infection.
COMPLICATIONS
Measles complications can affect nearly every organ system (Table) . Rates of complications from measles infection depend on age and underlying condition. Coexisting vitamin
FIG. 1.
Measles infection associated rash in relation to infectivity, viral detection, and serologic response. Immunocompromised patient can continue to shed virus for entire duration of disease. Viral isolation is optimal during 0 to 3 days of rash onset but can be detected through 2 days before and 10 days after rash onset. Average incubation period from exposure to rash is 14 days, but incubation period can vary from 7 to 21 days.
NOTE: *Applies to unvaccinated individuals. Dark blue box, rash duration; light blue box, viral isolation duration; gold box, infectivity duration; light gold box, Koplik spots duration; curve IgM*, duration immunoglobulin M (IgM) is detected in serum; curve IgG*, duration immunoglobulin G (IgG) is detected in serum.
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A deficiency increases complication rates. 20 Bacterial infections in the setting of measles infection are more common in adults than in children, and are more severe among people who are malnourished or have an immunodeficiency disorder. The most common infectious complications, which involve the respiratory tract, include pneumonia, laryngotracheitis ("measles croup"), bronchitis, otitis media (most common complication among children in the United States), and sinusitis. 7, 13, 21 Indications for hospitalizing children include respiratory distress, laryngeal obstruction, dehydration that requires intravenous fluids, diarrhea with more than 10 stools a day or bloody stool, severe anemia, altered mental status, convulsion, severe rash with developing hemorrhagic areas, extensive mouth ulcers, corneal clouding or ulcers, visual disturbance, and mastoiditis. 22 Pneumonia is a common indication for hospitalizing adults. 23, 24 Measles-associated interstitial giant cell (Hecht) pneumonia is most often recognized among immunocompromised and malnourished patients. 13 Primary pneumonia is caused by the measles virus, but bacterial superinfection can occur. The most common bacterial pathogens include Streptococcus, Pneumococcus, and Staphylococcus, 13, 24 and less commonly isolated organisms include gram-negative bacteria, such as Haemophilus influenzae, Pseudomonas aeruginosa, Neisseria meningitides, and Enterobacter cloacae. 23 Uncommon complications of measles are myocarditis, glomerulonephritis, acute renal failure, and thrombocytopenic purpura. 25, 26 Neurologic complications in measles are an important concern. Measles-associated central nervous system complications are considered a result of an immune-mediated reaction to myelin protein and not from direct viral insult. [26] [27] [28] Immunocompromised patients are at risk for developing fatal encephalitis, and those who survive often experience cognitive decline or seizures.
Measles is associated with four different encephalitic diseases: primary measles encephalitis, acute post-measles encephalomyelitis, measles inclusion body encephalitis, and subacute sclerosing panencephalitis.
Primary measles encephalitis is characterized by fever, headache, stiff neck, and meningeal signs. Onset occurs between 1 and 15 days after rash onset, and the disease affects 1/1000 patients. Seizure, altered mental status, and coma can also develop. Viral RNA detection in the cerebrospinal fluid (CSF) confirms the diagnosis. 29 Acute post-measles encephalomyelitis is more common in adults than in children. 12 It typically develops after the rash fades and the other symptoms subside. Patients suddenly experience a recurrence of fevers or seizures. Deafness, intellectual decline, epilepsy, postencephalitic hyperkinesia, hemiplegia, and/or paraplegia also can develop.
27-29
Measles inclusion body encephalitis is described only in immunocompromised patients, and onset occurs within 1 year of infection. Seizures are an initial and common symptom, and some patients also experience hemiplegia, stupor, hypertonia, and dysarthria. 29 Diagnostic findings include seroconversion during the disease course, improvement after withholding of the immunosuppressive regimen, and normal CSF. Brain biopsy confirms the diagnosis.
Subacute sclerosing panencephalitis (SSPE) is a slowly pro- 30, 31 In children, the risk for SSPE after measles infection is estimated to be 4 to 11 per 100,000 infections. After the 1989-1991 resurgence of measles in the United States, however, the risk for SSPE was estimated to be 22 per 100,000 infections. [30] [31] [32] The pathogenesis of SSPE is not fully understood but is thought to result from persistent aberrant measles virus infection. 32 The SSPE diagnosis is based on clinical presentation, presence of anti-measles antibodies in CSF, typical electroencephalography pattern (periodic paroxysmal bursts) with accompanying myoclonus, tissue analysis, and magnetic resonance imaging. 30 LABORATORY DIAGNOSIS Suspicion for measles should prompt immediate consultation with local or state public health officials. Laboratory testing can be carefully considered after consultation, and care is needed in interpreting serologic studies.
The mainstays of measles infection diagnosis are detection of viral RNA by reverse transcriptase-polymerase chain reaction, or isolation of the virus in the clinical specimen, and detection of measles-specific IgM (immunoglobulin M) antibodies. A detailed protocol for collecting specimens for viral isolation appears on the Centers for Disease Control and Prevention website (http://www.cdc.gov/measles/labtools/rt-pcr.html).
IgM antibodies are detectable over the 15 weeks after rash onset, but the recommendation is to collect serum between 72 hours and 4 weeks after rash onset. 33 Clinicians should be aware that false-positive IgM results may occur with rheumatologic diseases, parvovirus B19 infection, rubella, and infectious mononucleosis.
IgG (immunoglobulin G) antibodies are usually detectable a week after rash onset. The laboratory can confirm measles by detecting more than a 4-fold increase in IgG titers between the acute phase and the convalescent phase. After measles infection, most adults develop lifelong immunity with positive IgG serology. 34 Additional tests, such as IgG avidity and plaque reduction neutralization assay, can be used to confirm suspected cases in previously vaccinated individuals. 34 
MANAGEMENT General Principles
Uncomplicated measles treatment is supportive and includes oral fluids and antipyretics. 7, 22 Severe bacterial infections, encephalitis, or dehydration may require hospitalization, and in these cases infectious disease consultation is recommended. Patients with pneumonia, purulent otitis media, or tonsillitis should be treated with antibiotics. 35 Observational data suggest antibiotics may reduce the occurrence of bacterial infection in children, but there are no usage guidelines. 35 Vitamin A supplementation has been associated with a 50% decrease in morbidity and mortality and with blindness prevention. 22 This supplementation should be considered in severe measles cases (all hospitalized patients), especially for children, regardless of country of residence, and for adult patients who exhibit clinical signs of vitamin A deficiency.
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Antiviral Treatment
No specific treatment is available. 36 Ribavirin demonstrates in vitro activity against the virus, but the Food and Drug Administration has not approved the drug for treatment of measles. Ribavirin has been used for cases of severe measles, and for patients with SSPE along with intrathecal interferon alpha. This antiviral treatment is considered experimental. 37 All patients hospitalized with measles infection should be cautioned about the potential downstream complications of the disease and should follow up with their primary care physician for surveillance after discharge. 38 If measles symptoms develop, patients should self-quarantine and contact their primary care physician or public health department as soon as possible. Regardless of immune status, family members and other exposed persons should be educated about the measles symptoms that may occur during the 21 days after exposure. 38 Both suspected and confirmed cases of measles should be reported immediately to local public health authorities.
Infection Control and Prophylaxis
Current guidelines recommend 2 doses of measles-containing vaccine to all adults at higher risk for contracting measles: international travelers, healthcare personnel, and high school and college students. Infants 6 or 11 months old should receive 1 MMR dose before international travel. 1, 38 Strict airborne isolation-use of N95 respirator or respirator with similar effectiveness in preventing airborne transmission-is mandatory from 3 to 5 days before rash onset to 4 days after rash onset (immunocompetent patients) or for the duration of the disease (immunocompromised patients). 38 Healthcare workers should have documented presumptive evidence of immunity to measles. 39 Healthcare providers without evidence of immunity should be excused from work from day 5 to day 21 of exposure, even if they have received postexposure vaccine or intramuscular immunoglobulin. They should be offered the first MMR dose within 72 hours of measles exposure to prevent or modify the disease. Susceptible family members or visitors should not be allowed in the patient's room. 1 
Postexposure Prophylaxis
Standard MMR vaccination within 72 hours after exposure may protect against disease in people without a contraindication to measles vaccine. The public health department usually identifies these individuals and provides postexposure prophylaxis recommendations. 38, 39 People with HIV, patients receiving immunosuppressive therapy, and pregnant women and infants who have been exposed to measles and who are at risk for developing morbid disease can be treated with immunoglobulin (IG). If administered within 6 days of exposure, IG can prevent or modify disease in people who are unvaccinated or severely immunocompromised (ie, not immune). The recommended dose of IG administered intramuscularly is 0.5 mL/kg of body weight (maximum, 15 mL), and the recommended dose of IG given intravenously is 400 mg/kg. Anyone heavier than 30 kg would require intravenous IG to achieve adequate antibody levels.
Physicians should not vaccinate pregnant women, patients with severe immunosuppression from disease or therapy, patients with moderate or severe illness, and people with a history of severe allergic reaction to the vaccine. 1, 40 The measles vaccine should be deferred for 6 months after IG administration. 36 More details are available in the recommendations made by the Advisory Committee on Immunization Practices. 1 
CONCLUSION
Although rare in the United States, measles remains a common and potentially devastating infection among patients who have not been vaccinated. Diagnosis requires clinical suspicion, engagement of public health authorities, and judicious use of laboratory testing. Hospitalists may encounter infectious and neurologic complications of measles long after the initial infection and should be aware of these associations.
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